Backgrounds/Aims: The future liver remnant (FLR) is usually calculated as a ratio of the remnant liver volume (RLV) to the total functional liver volume (RLV/TFLV). In liver transplantation, it is generally accepted that the ratio of the graft volume to standard liver volume (SLV) needs to be at least 30% to 40% to fit the hepatic metabolic demands of the recipient. The aim of this study was to compare RLV/TFLV versus RLV/SLV as a predictor of postoperative liver function and liver failure. Methods: CT volumetric measurements of RLV were obtained retrospectively in 74 patients who underwent right hemihepatectomy for a malignant tumor from January 2010 to May 2013. RLV and TFLV were obtained using CT volumetry, and SLV was calculated using Yu's formula: SLV (ml)=21.585×body weight (kg) 0.732 ×height (cm) 0.225 . The RLV/SLV ratio was compared with the RLV/TFLV as a predictor of postoperative hepatic function. Results: Postheptectomy liver failure (PHLF), morbidity, and serum total bilirubin level at postoperative day 5 (POD 5) were increased significantly in the group with the RLV/SLV ≤30% compared with the group with the RLV/SLV ＞30% (p=0.002, p=0.004, and p＜0.001, respectively). But RLV/TFLV was not correlated with PHLF and morbidity (p=1.000 and 0.798, respectively). RLV/SLV showed a stronger correlation with serum total bilirubin level than RLV/TFLV (RLV/SLV vs. RLV/TFLV, R=0. 
INTRODUCTION
Over the recent decade, liver resection has become increasingly safe as a result of improvements in surgical technique. But, posthepatectomy liver failure (PHLF) remains one of the most serious complications after liver resection. The occurrence of PHLF after major liver resection has been reported in up to 8% of liver resection patients, depending on the patient's condition and the functional reserve of the liver before resection. [1] [2] [3] PHLF is closely related to the volume and function of the remnant liver. Patients with a small future liver remnant (FLR) are at a higher risk for developing PHLF. FLR is usually expressed as the ratio of the remnant liver volume (RLV) and the total functioning liver volume (TFLV). 4, 5 The TFLV is calculated using the following formula: total liver volume (TLV)-tumor volume (TV)=TFLV. The critical minimum FLR has been estimated to be approximately 20% in normal livers, and 40% in cirrhotic livers. 6 However, it is still unclear why some patients with a smaller FLR do not develop PHLF, whereas some with a greater FLR do. In liver transplantation, a major concern is determining the minimum graft volume required for a recipient to meet his or her metabolic demands. [7] [8] [9] It is generally accepted that the ratio of the graft volume to the standard liver volume (SLV) needs to be at least 30% to 40% to fit the hepatic metabolic demands of the recipient. 7, 10, 11 The Indocyanine green retention rate at 15 minutes (ICG R15) is the most common preoperative test for evaluating hepatic functional reserve. 12, 13 The serum total bilirubin level and prothrombin time (PT) at postoperative day 5 are known as markers of liver function and are predictive markers of hepatic failure after hepatic resection. 14, 15 Based on the above theories, the aim of the present study was to evaluate the significance of the standardized FLR (RLV/SLV) as a predictive factor of liver function and liver failure after hepatic resection, compared to the actual FLR (RLV/TFLV). 
METHODS

Operative procedures
The liver was exposed via a right subcostal abdominal incision with a midline extension to the xiphoid process.
Intraoperative ultrasonography was used to confirm tumor resectability and determine the appropriate line of resection. The liver was mobilized completely from the posterior abdominal wall and rotated anteromedially to expose the retrohepatic inferior vena cava (IVC). Small tributaries draining into the IVC from the liver were ligated individually and divided. After separating the hepatocaval ligament, the right hepatic vein was looped. Hilar dissection was undertaken to isolate and divide the right hepatic artery and portal vein. Pringle's maneuver was not used in any of the patients. Hepatic parenchymal transection was performed using an ultrasonic aspirator. After parenchymal dissection, the right hepatic vein was subsequently divided and sutured.
Postoperative care
All patients received the same postoperative care by the same team of surgeons in the intensive care unit during the early postoperative course. Parenteral nutritional support was provided for patients with liver cirrhosis. Early enteric nutrition was encouraged once bowel activity returned. All intraoperative and postoperative complications were recorded prospectively. Liver function tests including the serum total bilirubin level and PT were sampled routinely on postoperative days (POD) 1, 3, 5, and 7. Serum total bilirubin level and PT at POD 5 were chosen to evaluate the hepatic function after liver resection. 14 The PHLF was defined as both a PT of ＜50% and a total serum bilirubin level ＞2.9 mg/dl after postoperative day 5 according to the "50-50 criteria", and the development of intractable ascites or hepatic encephalopathy. 14, 15 Postoperative mortality was defined as death occurring during the postoperative period during the hospital stay or within 30 days of surgery.
Standard liver volume calculation
The SLV was calculated using the following formula reported by Yu et al. 16 : SLV (ml)=21.585×body weight
Volumetric liver analysis using Dr. Liver The transection line of the virtual liver resection followed the middle hepatic vein. The middle hepatic vein was excluded from the virtual resection area (Fig. 1 ).
Statistics
Continuous variables were expressed as the median (range) or the mean±standard deviation and compared using the Mann-Whitney U test. The impact of the All patients with cirrhotic liver were in the Child A class.
None of the patients had biliary obstruction, preoperative hyperbilirubinemia, or preoperative PT prolongation.
Clinicopathologic characteristics of the patients are shown in Table 1 . For each ratio, the groups were comparable in terms of the preoperative data.
Liver volume assessment
There were no significant differences in TFLV, SLV, RLV/TFLV, and RLV/SLV between the liver cirrhosis (LC) positive group and negative group. The mean TFLV was smaller than SLV in each group, but it was not significant, statistically (Table 2 ). In 8 patients (10.8%), TFLV was significantly smaller than SLV (TFLV/SLV ＜70%). There was a good correlation between RLV/TFLV and RLV/SLV (p＜0.001, R=0.718) (Fig. 2) . However, some discordant results were observed. Of the 46 patients in the RLV/TFLV (Table 3) . Differences between RLV/TFLV and RLV/SLV were over 10% in 13 patients (17.6%). Only 2 patients had a RLV/TFLV less than 30%; therefore, the RLV/TFLV with a cut-off value of 30%
could not be analyzed.
Operative outcomes
Of the 74 patients who underwent right hemihepatectomy, 15 patients developed a complication, with a perioperative morbidity rate of 20.2%. Complications included ascites of over 1,000 ml/day at POD5 (n=8), wound infection (n=3), biloma requiring drainage (n=1), pleural effusion requiring drainage (n=1), pneumonia (n=1), and urinary complications (n=1). PHLF occurred in 9 patients (10.8%) including 4 patients who died (5.4%).
1 patient with PHLF underwent a liver transplantation and 4 patients recovered without a liver transplantation. As ＞40  ≤40  ＞30  ≤30  ＞40  ≤40  ＞40  ≤40  ＞30  ≤30  ＞40  ≤40  ＞40  ≤40  ＞30  ≤30   46  28  25  49  59  15  24  13  10  27  28  9  22  15  15  22  31  6   40  25  22  43  56  9  19  12  8  23  26  5  21  13  14  20 
Correlation between RLV/TFLV, RLV/SLV and postoperative liver function test
Total serum bilirubin and PT did not correlate with the RLV/TFLV in the liver cirrhosis-positive group. However, there were significant correlations in non-cirrhotic patients. RLV/SLV had a significant correlation with total serum bilirubin and PT, especially, in the non-cirrhotic patients group (Table 5) . When the correlations were analyzed in continuous variables, serum total bilirubin was significantly correlated to RLV/TFLV and RLV/SLV.
Especially, a very good correlation was observed for the group with RLV/SLV 30% in both the LC (+) and LC (-) groups. However, PT was correlated only with the RLV/SLV 30% group (Table 6 ). In regression analysis, serum total bilirubin level had a better correlation with the RLV/SLV (p＜0.001, R=0.442, R 2 =0.195) than with the RLV/TFLV (p=0.022, R=0.265, R 2 =0.061) (Fig. 3) .
When the patients were classified into LC-positive and LC-negative groups, significant correlations were found between the RLV/SLV and serum total bilirubin level in the LC-negative patients; however, no correlation was observed in LC-positive patients ( .5) 1 (7.7) 2 (20.0) 2 (7.4) 2 (7.1) 2 (22.2) 0 (0.0) 4 (26.7) 0 (0) 4 (18.2) 1 (3.2) The remnant liver volume after resection is a critical factor for predicting the postoperative outcome. The generally accepted FLR ratio limit for safe resection in the reported that the actual FLR and standardized FLR were independent predictive factors of the occurrence of postoperative liver failure. 26 But, a direct comparison of the two ratios was not performed. In the present study, half of the 46 patients in the RLV/TFLV ＞40% group were classified in the RLV/SLV ≤40% group, including 4 patients (8.7%) of the RLV/SLV less than 30% group (Table   3) . And, the standardized FLR (RLV/SLV) showed a stronger correlation with the postoperative total serum bilirubin level compared to the actual FLR (RLV/TFLV) (Fig. 3) . In our series, among 4 patients who died of liver failure, a patient with chronic hepatitis had an RLV/TFLV of 37.65%, but the RLV/SLV was 18.00%.
Truant et al. 27 have reported that the FLR measurement standardized to body weight was more specific than the actual FLR (RLV/TFLV) in predicting the postoperative course after extended hepatectomy. More recently, a comparison of the FLR measurements standardized to the body weight and BSA showed that the two methods were highly correlated and yielded similar results in predicting postoperative hepatic dysfunction. 28 The authors reported that in noncirrhotic patients, a FLR/BW ratio of ≤0.4 and FLR/SLV of ≤20% provide equivalent thresholds for performing safe hepatic resection.
The safe limit for liver resection in chronic liver disease and cirrhosis is not well-established. Determination of the safe limit of liver resection in these patients is more complex because the degree of hepatic dysfunction which is not describable with the Child-Pugh classification is widely variable. Therefore, some authors proposed a different surgical approach that depended on the ICG R15, with surgical procedures ranging from simple enucleation to major hepatectomy. Imamura et al. proposed a decision tree for the selection of the operative procedure in patients with impaired liver function. 29 With this approach, the authors reported on every single death in over 1,400 liver resections during a 10-year period.
In conclusion, in the present study, the standardized FLR ratio (RLV/SLV) was more relevant than the actual FLR ratio (RLV/TFLV) in predicting postoperative hepatic function after right hemihepatectomy. Cirrhotic patients with a RLV/SLV of ≤30% were at considerable risk for PHLF. These results need to be confirmed in a larger-scaled prospective study.
